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IMPEDANCE MATCHING WITH SIGMA 
DELTA FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to impedance matching 

circuits. More particularly, it relates to the use of a digital 
?lter such as a sigma delta ?lter to provide a programmably 
adjustable AC impedance matching circuit. 

2. Background of Related Art 
Impedance matching is important in many applications, 

most notably in matching the impedance of a telephone 
device such as a modem or a telephone line interface and 
telephone connected to a telephone line, With a central of?ce 
at the other end of the telephone line. 

To maximize the signal to noise ratio of customer pre 
mises equipment attached to a telephone line, e.g., the 
voltage level, it is desired that the impedance of the cus 
tomer premises equipment match the impedance of the 
central of?ce. 

Impedance matching in this disclosure refers to image 
impedance matching. It is desirable to match impedances as 
required by the various countries. Moreover, it is also 
desirable to maximiZe return loss, e.g., to greater than 20 
decibels (dB). 
AC impedance includes reactive elements Which cause 

the frequency components of the transmitted signal to vary. 
To maximiZe return loss, the AC termination impedance of 
a telephone line interface should be the same as the AC 
termination at the telephone company central of?ce. This is 
commonly knoWn as an image match. HoWever, as evi 
denced by numerous standards throughout the World, AC 
terminations vary betWeen telephone company central 
of?ces throughout the World. 

To accommodate the numerous standards throughout the 
World, conventional telephone or modem devices sWitch in 
external components to match the impedance in the particu 
lar country. HoWever, this technique requires the inclusion 
of components Which likely may not be used When the 
equipment is installed in any particular country. These extra 
components increase costs, decrease overall reliability of the 
device, and cause difficulties in manufacture for WorldWide 
marketplace. 

There is a need to simplify the design of a telephone line 
interface for both a telephone and/or a modem device in a 
Way that simpli?es manufacturing concerns in a WorldWide 
marketplace, and Which reduces overall costs. 

SUMMARY OF THE INVENTION 

In accordance With the principles of the present invention, 
an AC impedance matched circuit comprises a digital ?lter 
including a transfer function based on a desired output AC 
impedance. Avoltage controlled current source is controlled 
by an output of the digital ?lter. Areference impedance is in 
parallel With the voltage controlled current source. 
Amethod of matching AC impedance in accordance With 

another aspect of the present invention comprises digitally 
?ltering an output signal using a transfer function based on 
a desired AC impedance. Avoltage controlled current source 
is controlled With the digitally ?ltered output. A voltage is 
developed across a reference impedance With the current 
output from the voltage controlled current source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the present invention Will 
become apparent to those skilled in the art from the folloW 
ing description With reference to the draWings, in which: 
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2 
FIG. 1 shoWs an exemplary signal ?oW diagram for a 

telephone line interface including a ?rst order sigma delta 
?lter included Within an integrated circuit including an 
analog-to-digital (A/D) converter and a digital-to-analog 
(D/A) converter, in accordance With the principles of the 
present invention. 

FIG. 2 shoWs the frequency response of a ?rst order sigma 
delta ?lter, e.g., as shoWn in FIG. 1, as it matches the load 
of the central of?ce. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The present invention provides an architecture Which 
provides programmable AC impedance matching in a given 
range. Although the disclosed embodiments relate to a 
telephone line interface circuit betWeen a device such as a 
modem and a telephone line from a central of?ce, the 
principles of the present invention relate generally to imped 
ance matching in general even outside telephone technology. 

In a disclosed embodiment shoWn in FIG. 1, a telephone 
line interface circuit includes a programmable digital ?lter, 
e.g., a sigma delta ?lter (sometimes alternatively referred to 
in the art as a delta sigma ?lter) in a Way Which controls a 
voltage controlled current source to emulate an AC imped 
ance in a given range, e.g., betWeen 300 and 1050 ohms. 

It has been knoWn to control a voltage controlled voltage 
source using analog or digital feedback from the output, e. g., 
from the central of?ce in a telephone application, but these 
conventional systems have certain limitations and draW 
backs. For instance, use of a voltage controlled voltage 
source requires Wasteful and inef?cient voltage overhead, 
and complicates a signal ?oW, making tasks such as division 
someWhat inconvenient. 
The present invention overcomes these conventional limi 

tations by controlling a voltage controlled current source 
With a digital ?lter, e.g., a sigma delta ?lter, having a transfer 
function that results in the desired AC impedance. The 
digital ?lter and voltage controlled current source provide 
repeatable, reliable AC impedance matching With a simple 
?oW diagram. 

While the disclosed embodiments relate to the use of a 
?rst order sigma delta ?lter to control the AC impedance, the 
principles of the present invention relate equally to higher 
order sigma delta ?lters, and single and multi-bit digital 
?lters in general. 
The disclosed embodiment relates to a ?rst order sigma 

delta ?lter used to provide programmable AC impedance to 
a telephone line. The sigma delta ?lter in accordance With 
the principles of the present invention adjusts the AC 
impedance seen by the telephone line Without the need to 
Wastefully sWitch selected components in or out as in 
conventional devices intended for use in any of a plurality of 
countries. HoWever, the principles of the present invention 
relate equally to the use of second or higher order sigma 
delta ?lters. 

In accordance With the principles of the present invention, 
the gain and/or pole of the transfer function of the sigma 
delta ?rst order ?lter are adjusted to maximiZe the return loss 
for the desired AC termination for the requirements of any 
particular country. In this Way, a common telephone line 
interface can be manufactured in products intended for use 
in any of a variety of countries, and con?gured under 
softWare control to emulate the necessary AC impedance for 
the central office in the country in Which the telephone or 
modem device is operated. 

FIG. 1 shoWs an exemplary signal ?oW diagram for a 
telephone line interface 100 including a digital ?lter, e.g., a 
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?rst order sigma delta ?lter 110. Included With the digital 
?lter 110 on an integrated circuit 195 (such as that forming 
a digital signal processor (DSP)) may be, e.g., an analog 
to-digital converter 120, a digital-to-analog (D/A) 
converter 130, and a digital signal summer 140. 

Importantly, in accordance With the principles of the 
present invention, a voltage controlled current source 160 is 
controlled by a signal 132 comprised both of the desired 
transmitted signal ITX output from, e.g., a modem 150, but 
also With an AC impedance emulation control signal IRX 
output from the digital ?lter 110. In the example circuit of 
FIG. 1, the digital ?lter 110 provides the AC impedance 
emulation control signal IRX based on a feedback signal 134 
feedback from the central of?ce 152. 

In accordance With the present invention, the transfer 
function of the digital ?lter 110, i.e., the gain 110a and/or the 
pole 110b of the digital ?lter 110 can be preset or program 
mably tuned by a processor, e.g., from the modem 150 or 
other internal or external device, to provide the desired AC 
impedance matching emulation. 

In the example shoWn in FIG. 1, the telephone line 
interface 100 provides an interface betWeen a modem 150 
and a telephone line 16 to a central of?ce 152. Of course, 
those of ordinary skill in the art Would appreciate that the 
principles of the present invention relate equally to the 
interface of any equipment to a telephone line, e.g., a 
telephone, a fax machine, etc. 

Moreover, the digital ?lter 110 shoWn in FIG. 1 preferably 
controls only AC impedance and not DC resistance. 
As shoWn in the example of FIG. 1, the interface betWeen 

the integrated circuit 195 and the modem is digital, e.g., 
using 1-bit sigma delta digital paths 112, 114, Which by 
depiction in FIG. 1 are AC coupled. 

The voltage controlled current source 160 may be any 
suitable device Which provides a constant current based on 
a voltage level applied to a control line thereof. For instance, 
a transistor With appropriate feedback to monitor the current 
Would be suitable if arranged in a prescribed Way to appear 
as a current source as is knoWn by those of ordinary skill in 
the art. The A/D converter 120 and D/A converter 130 are 
shoWn in FIG. 1 for explanatory purposes only to shoW a 
separation betWeen analog and digital portions With respect 
to the digital ?lter 110. In the disclosed embodiment, the 
A/D 120 and D/A 130 function in their normal capacities to 
convert signals to and from the device being serviced, e.g., 
to and from the modem 150. In accordance With the prin 
ciples of the present invention, the AC impedance emulation 
control signal IRX is merely impressed or superimposed 
upon the otherWise conventional transmit signal ITX to 
provide both a transmit signal component ITX and an AC 
impedance emulation control component IRX to the voltage 
controlled current source 160. 

In FIG. 1, it is desired that the impedance of the central 
of?ce be matched by the parallel combination of ZRX and 
ZR. In this case, VTP Will be equal to the ideal condition of 
VCO/2 for all signals received from the central of?ce 152. 

In an alternative embodiment of the invention, the digital 
?lter 110 can match the impedance of the central of?ce 152 
Without the use of the reference impedance ZR 170. 

Impedance emulation using the sigma delta ?lter 110 is 
preferred over implementation of impedance matching in a 
processor such as a digital signal processor in the modem 
150 because delays associated With transmission of data to 
and from the modem 150 make such impedance matching 
impractical. 

To shoW that the tip voltage VTP is equal to VCO/2 (but 
for the impressed transmit signal and the impedance of the 
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4 
central of?ce) proving that the present invention indeed does 
provide a very desirable AC impedance matching, the tip 
voltage VTP is calculated as folloWs, Wherein: 
ZR is the reference impedance Which provides a partial 

solution to the AC impedance matching. It can be called 
a “helper impedance” in that it is the impedance on 
Which the current output from the voltage controlled 
current source 160 acts. The reference impedance ZR 
alloWs the tip voltage VTP to be developed and fed 
back to the digital ?lter 110, e.g., through the A/D 
converter 120, forming a closed loop (albeit With 
positive feedback). The gain can be greater than 1. As 
the current increases, the voltage decreases on the TIP 
(i.e., to the central of?ce), resulting in negative feed 
back. Preferably, the reference impedance ZR Will be 
approximately equal to the highest matching imped 
ance value necessary, but of course can be of a larger 
value. 

ZRX is the resultant AC impedance of the equipment. The 
emulated AC impedance ZRX is represented in FIG. 1 
across points A and B if the central office 152 Were 
removed from the ?gure. 

ZCO is the AC impedance of the central of?ce 152. 

VTP is the tip voltage. 
VT is the voltage developed due to the current ITX of the 

transmit signal, e.g., from the modem 150. 
VCO is the voltage impressed or produced by the central 

of?ce 152. 

IR is the current through the reference impedance ZR. 
IRX is the portion of the tip/ring current produced by the 

voltage controlled current source 160. 

ITX is the portion of the tip/ring current produced by the 
transmit signal, e.g., output from the modem 150. 

This last equation, accordingly, shoWs that the tip voltage 
VTP indeed does provide the ideal condition of VCO/2, With 
only the transmit signal current ITX and impedance ZCO of 
the central of?ce 152 remaining in the equation. 

In accordance With the principles of the present invention, 
the ?rst order sigma delta ?lter 110 has a programmable gain 
110a and a programmable pole 110b. The programmable 
gain 110a and/or the programmable pole 110b are used to 
affect the AC impedance to the telephone line, and therefore 
implement the AC impedance ZRX. 

All functions should be taken into account When deter 
mining the values for the particular digital ?lter to provide 
the desired overall impedance ZRX. For instance, as shoWn 
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below in the exemplary transfer functions of the ?rst order 
sigma delta ?lter 110, the AC impedance ZRX is provided 
taking into account the separate transfer functions of a 
number of different aspects of an exemplary digital ?lter. Of 
course, the particular transfer functions to take into account 
to provide an overall AC impedance in given a particular 
application Will vary, in accordance With the principles of 
the present invention. 

Wherein, in the given disclosed example: 
Haaf=The anti alias ?lter. 

Had=The sWitched capacitor A/D. 
Hrx=Impedance Emulation Filter RX. 
Hsum=Sigma Delta Summer 
Had=SWitched Capacitor D/A 
Halp=LoW Pass Smoothing Filter 
Hlm=Line Modulator (Voltage Controlled Current 

Source) 
The transfer function of the impedance emulation digital 

?lter 110 in the Z domain is calculated as folloWs: 

H _ l—zer0>l=[l l _ 

TX — W *ca cgam 

The only variable in the equation for ZRX is Hrx, Which 
is the ?rst order sigma delta ?lter 110. An additional 
preference for Hrx is that the transfer function has a loss of 
at least, e.g., 20 dB at DC to provide AC only impedance 
matching, leaving DC resistance calculation to be computed 
elseWhere. 

To assure that Hrx has loss at DC, the ?lter Zero is set at 
1 (on the unit circle). This leaves the only variables in the 
impedance matching of ZCO as the pole and gain of Hrx. 
For instance, to provide 300 ohm AC impedance matching, 
the gain is made equal to calcgain><300. 

FIG. 2 shoWs hoW Well the use of a digital ?lter to control 
a voltage controlled current source to provide AC impedance 
matching in accordance With the principles of the present 
invention Works. 

In particular, in FIG. 2, frequency of an exemplary 
transmit signal is plotted on the x-axis. The impedance of the 
central of?ce ZCO is plotted along the Y-axis using a thin 
solid line, While the AC matched impedance ZRX is plotted 
along the Y-axis using a thicker solid line. It is clearly seen 
that the AC matched impedance ZRX folloWs quite closely 
as it matches the load of the central of?ce 152. 

While the present invention has been described With 
reference to telephony, the applications are quite broader. In 
particular, the present invention is applicable for any circuit 
requiring AC impedance matching. 

While the invention has been described With reference to 
the exemplary embodiments thereof, those skilled in the art 
Will be able to make various modi?cations to the described 
embodiments of the invention Without departing from the 
true spirit and scope of the invention. 
What is claimed is: 
1. An AC impedance matched circuit, comprising: 
a digital ?lter including a transfer function based on a 

desired output AC impedance; and 
a voltage controlled current source controlled by an 

output of said digital ?lter such that said voltage 
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6 
controlled current source emulates said desired output 
AC impedance. 

2. The AC impedance matched circuit according to claim 
1, further comprising: 

a reference impedance in parallel With said voltage con 
trolled current source. 

3. The AC impedance matched circuit according to claim 
1, Wherein: 

an output of said reference impedance is fed back as an 
input to said digital ?lter. 

4. The AC impedance matched circuit according to claim 
further comprising: 
a summer adapted to combine a transmit signal together 

With an output of said digital ?lter to collectively 
control said voltage controlled current source. 

5. The AC impedance matched circuit according to claim 
Wherein: 

a gain of said digital ?lter is determined based on said 
desired AC impedance. 

6. The AC impedance matched circuit according to claim 
Wherein: 

a gain of said digital ?lter is programmable. 
7. The AC impedance matched circuit according to claim 
Wherein: 

said digital ?lter is a sigma delta ?lter. 
8. The AC impedance matched circuit according to claim 
Wherein: 

said sigma delta ?lter is a ?rst order sigma delta ?lter. 
9. The AC impedance matched circuit according to claim 
Wherein: 

said digital ?lter operates on single bit digital samples. 
10. The AC impedance matched circuit according to claim 
Wherein: 

said reference impedance is greater than or equal to a 
maximum desired AC impedance. 

11. The AC impedance matched circuit according to claim 
Wherein: 

said reference impedance is connected in parallel With 
said voltage controlled current source. 

12. A method of matching AC impedance, comprising: 
digitally ?ltering an input signal using a transfer function 

based on a desired AC impedance; 

controlling a voltage controlled current source With said 
digitally ?ltered signal such that said voltage controlled 
current source emulates said desired AC impedance. 

13. The method of matching AC impedance according to 
claim 12, further comprising: 

developing a voltage across a reference impedance With 
said current output from said voltage controlled current 
source. 

14. The method of matching AC impedance according to 
claim 12, further comprising: 

adding a transmit signal to said control signal before 
controlling said voltage controlled current source. 

15. The method of matching AC impedance according to 
claim 12, Wherein: 

said digital ?ltering is performed With a sigma delta ?lter. 
16. The method of matching AC impedance according to 

claim 12, further comprising: 
setting a gain of said digital ?lter based on a desired AC 

impedance. 
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17. Apparatus for matching AC impedance, comprising: 
means for digitally ?ltering an input signal using a 

transfer function based on a desired AC impedance; and 

means for controlling a voltage controlled current source 
With said digitally ?ltered signal such that said means 
for controlling a voltage controlled current source 
ernulates said desired AC irnpedance. 

18. The apparatus for matching AC irnpedance according 
to claim 17, further comprising: 

means for developing a voltage across a reference irnped 
ance With said current output from said voltage con 
trolled current source. 

19. The apparatus for matching AC irnpedance according 
to claim 17, further comprising: 

8 
means for adding a transrnit signal to said control signal 

before controlling said voltage controlled current 
source. 

20. The apparatus for matching AC irnpedance according 
to claim 17, Wherein said means for digital ?ltering corn 
prises: 

a sigrna delta ?lter. 
21. The apparatus for matching AC irnpedance according 

10 to claim 17, further comprising: 

means for setting a gain of said digital ?lter based on a 
desired AC irnpedance. 

* * * * * 


